It is shown that the hadronic dissociation of space-like (Q 2 > 0) photons can be directly probed by performing measurements in the fragmentation region of transversely polarized and unpolarized proton beams at the electron-proton collider HERA. Measurements of momentum-distributions in the photon-fragmentation region in normal and in LRG (large rapidity gap) events are also suggested -especially when the scattered proton or neutron in the proton-beam direction is tagged. It is pointed out that such distributions can yield useful information on the mechanisms of hadronic fragmentation in general, and answer the following questions in particular:
It is known already for a long time that hadronic dissociation of space-like photons may play a significant role in deep-inelastic lepton-hadron scattering -especially in diffractive processes [1, 2] . People seem to agree [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] that, viewed from the hadron-or nucleus-target, not only real, but also space-like photons (Q 2 ≡ −q 2 > 0, where q is the four-momentum of such a photon) may exhibit hadronic structure. But, as far as the following questions are concerned, different theoretical models [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] I. Viewed from the rest frame of the struck nucleon mentioned above, the lifetime τ γ of the virtual hadronic system (of quark-antiquark pair or pairs) is of the order 2ν/Q 2 = 1/(Mx B ),
where ν is the photon-energy and M is the proton-mass. This means, the corresponding longitudinal dimension -also known as the formation/coherence length -of such a virtual state is of the order 100 Fermis for x B = 10 −2 . Furthermore, we note that τ γ is a function of x B , independent of Q 2 . Does it imply that the hadronic dissociation of a photon always takes place -independent of its virtuality Q 2 ? Is it true that, in high-energy deep-inelastic lepton-hadron scattering processes, we are practically always dealing with hadron-hadron collisions, when x B is sufficiently small (x B ∼ 10 −2 , say)?
II. Some of the dynamical models based on such a photon-dissociation picture (See e.g. Refs.12-18 and the papers cited there) have been used to describe quantitatively the proton structure function F Wouldn't it be useful also to have methods alternative to lepton-nucleus collision for this purpose?
IV. It is known that, in the usual parton description of F p 2 (x B , Q 2 ), the question whether photons dissociate has been bypassed by describing the reaction mechanism in a fast-moving frame -the appropriately chosen "infinite momentum frame" -in which the virtual photon carries little energy and thus the lifetime for the virtual hadronic state in the dissociation is short. But, as has already been pointed out more then twenty years ago by Nieh [1] the following is also true: Because of the shortened time scale for interaction in that frame, the dissociated hadronic state may not need to live very long to become effectively important; and hence, it seems there does not exist strong theoretical reason for making the assumption that the photon-dissociation mechanism is not important in the "infinite momentum" frame.
Can we say:" The question whether photon dissociation takes place is independent of the reference frame in which the observation is made"?
In this paper we propose to check hadronic dissociation of space-like photons by per- [21] [22] [23] [24] show that the particles observed in the fragmentation regions play an extremely important role in understanding their production mechanisms. First of all, it is observed [21] that limiting (i.e. energyindependent), rapidity-distributions exist in the rest frame of the fragmenting beam. It is observed [22, 23] in particular that, while π + , π − and K + -mesons with not too small transverse momenta (p ⊥ ≥ 0.5 GeV /c, say) significantly contribute to the projectile fragmentation re-
hyperons, in particular Λ 0 's, produced in fixed target hadron-hadron and hadron-nucleus collisions are polarized, although neither the projectile nor the target is polarized. This polarization is independent of the incident energy and it exists only in the fragmentation region of the projectile-proton! The question whether such polarization phenomena also exists in lepton-lepton-collisions has also been discussed a long time ago (see Ref. 28 and the references given therein). It is known in particular that the possible existence of Λ-polarization has been carefully searched in electron-positron collisions, and no evidence has been found [28] .
(b). High-energy hadron-hadron collision experiments in which the projectile-hadron is polarized transversely to the scattering plane have been performed [29] . Significant left-rightasymmetries (up to 40% ) with the following properties have been observed [29] in inclusive π + , π − , π 0 , η 0 and Λ 0 production processes : First, these asymmetries are x F -dependent:
They are different from zero in the fragmentation region, and only in the fragmentation region (x F ≥ 0.4) of the transversely polarized projectile-hadron. Second, they are flavordependent: The asymmetries for π + , π − and π 0 are very much different from one another.
3 Third, they strongly depend on the quantum numbers of the projectile: The observed asymmetries for proton and those for anti-proton are very much different from one another.
Existence of such single-spin asymmetry effects in lepton-lepton or lepton-hadron collision processes is not known.
(c). High-energy photo-and electro-production experiments [18] with fixed proton-target and nuclear targets show that real (Q 2 = 0) and nearly real (Q 2 ≤ 1 or 2 GeV 2 /c 2 , say)
photons behave like vector mesons such as ρ 0 , ω, φ, J/ψ etc [4, 2, 10, 11, 17, 18] . To be more precise, we propose to perform single-particle inclusive measurements in the fragmentation region of the transversely polarized proton p(↑) and/or in that of the In order to demonstrate in a quantitative manner how the Q 2 -dependence of such dissociation processes may manifest itself, we examine the [19, 20] in the small-x B region. In Fig.1 , we separate the well-known vector-dominance contribution (See e.g. 17, 18 and the references cited there) from "the rest" which may be identified as "the part due to quark-antiquark continuum" or "the rest of the contributions due to the generalized vector-dominance model", and we consider the following two extreme possibilities which correspond to two very much different physical pictures: (i) The hadronic dissociation of virtual space-like (Q 2 > 0) photons take place for all possible Q 2 -values. In particular, "the rest" mentioned above is independent of Q 2 . In other words, in this picture γ * (Q 2 ) should always be considered as a hadronic system -independent of Q 2 .
(ii) The hadronic dissoci- Fig.2 . Similar effects are expected also for K + -mesons.
In this connection, it should also be mentioned that such studies can be performed, even when the detector is not able to differentiate between pions and kaons and/or to identify Λ 0 's.
Due to the experimental fact that the left-right asymmetries A N of π + and π − produced in the fragmentation region of transversely polarized protons have different signs, and the fact that the produced mesons are predominantly pions, (we recall that the forward protons can be identified by the leading proton spectrometer LPS at HERA), a significant left-right asymmetry in electric charge is expected in the inclusive production processes p(↑)+γ * (Q 2 ) → charged mesons +X, provided that the virtual photons γ * (Q 2 ) dissociate hadronically.
We next consider the Λ-polarization
which unpolarized proton beam is used. Also here, we expect to see no Q 2 -dependence for scenario (i) but a significant Q 2 -dependence for scenario (ii). This is shown in Fig.3 . 
APPENDIX
The purpose of this appendix is to point out -from a theoretical point of view [30, 31, [34] [35] [36] [37] [38] [39] [40] -that the quoted [21] [22] [23] [24] [25] [26] [27] and the proposed experiments are closely related to one another, and that the proposed "sensor" is expected to work well.
We recall that, according to our present knowledge, baryons (p, Λ etc.) are made out of three valence quarks, vector-and scalar-mesons (ρ, ω, φ, ..., π ± , K ± etc.) consist of a valence quark and a valence antiquark -together with in general a large number of sea quark and antiseaquark pairs. Universal distributions of all these quarks/antiquarks have been extracted from deep-inelastic lepton-hadron scattering and lepton-pair production experi-ments. It is a remarkable fact that the CERN-ISR experiments [22, 23, 24] mentioned in (a) in the text show the following: The x F -distributions for π + (≡ ud), π − (≡ dū) and K + (≡ us)
are very much the same as the distributions for the valence-quarks u(x F ), d(x F ) and u(x F ) respectively. The x F -distribution for K − (≡ds), however, behaves very much different from those of π + , π − and K + . In fact, it falls off extremely fast in the projectile fragmentation region x F ≥ 0.4; and its magnitude is only about 1/20 of that for K + at x F ≈ 0.6 and 1/100
of that for K + at x F ≈ 0.7. In other words, K − (≡ds) is almost absent in the fragmentation region of the proton p(≡ uud). Taken together with the empirical fact [21] concerning limiting fragmentation [30] these properties clear show that the valence quarks of the projectile hadron play a dominating role in meson-production in the projectile fragmentation region!.
To be more precise, it can be, and has been, explicitly shown [34, 35] Next, we examine the data for the produced π + and π − in the single-spin reactions
. It has been shown [36] [37] [38] that the observed left-rightasymmetry can be readily described in the framework of a relativistic quark-model in which the observed π + and π − are respectively the fusion-products of the valence quarks u v and d v of p(↑) and antiseaquarksd s andū s . Here, the geometrical properties of the hadrons in particular the surface-effects play an important role. Furthermore, it has been shown [39] that the left-right asymmetry of Λ's in p(↑) + p → Λ + X as well as the polarization in p + p → Λ + X and p + nucleus → Λ + X mentioned in (a) can also be understood [40] in terms of the above-mentioned relativistic quark model.
The CERN-ISR proton-proton collision experiment performed by Bellitini et al [21] explicitly show that the hypothesis of limiting fragmentation [30] that, in such processes, only a rather limited amount of energy-momentum transfer takes place. But, the question whether /which other physical quantities (quantum numbers) can be or should be exchanged is yet unanswered. By performing the measurements proposed in this paper, we expect to see the following more clearly: (i) the relationship between hadronhadron and virtual photon-hadron scattering; (ii) the relationship between large rapidity gap events [32, 33] and normal events in lepton-proton scattering; and (iii) the mechanisms of color-, flavor-and vacuum quantum-number exchange in general, and the relationship between such quantum number-exchange and the validity of HLF [30, 31] at different values of Q 2 . The data are for p(↑) + p → π ± + X and are taken from Ref. [29] .
See text for more details. The data are taken from Ref. [24] [25] [26] [27] . See text for more details. 
